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Method attd Apparatas for 



londSng and Ddjandtng Adhesive Inteifac<i 



11)6 present invention, relates to a 
or more sur&ces together and a 



25 



system and a mertbod of alteicdiing or bonding tw( I 
mel^d of detaching or debonding them and oii 
apparatus tiaerefor. The method $ nd ^aratus of tho invention is of paticolw, bu : 
not exclusive use, in the sutoraoive, aeronautical, nautical, decotatiag, paclcagini! 
and construction industries for ad biesive bonding and debonding of panels, ftamea. 



fibns, joints, plates, glaadng or 
togeKhier and/or separated. 

Background to the InventloiL 



my other such it^ns which need to be 



It is Imovm from the prior art t< 



afisociated parts. Typicsidly car 
together iA order to achieve a tig^ 



bonded 



attach car body paite togeltiex, by ft* es;ample> 
riveting or spot welding ihem together and more recentty laser. A recent trend in thi 
car industry is to use a modulir conatmction for vehicles, whereby individua 
modules are connected/Bttaohsd bonded to feim flie main vehicle body an* 

doot or body panela are welded and/or tivetet 
flttfl r^^wwent of the two parts. Welding uses intens' » 
heat to melt one or more of fee ir tecfeoea of the parts and needs to be performed b; r 
spcciaHgtsawareof1bBridaofin;Bn8Bheat,bolhto1ham6dve8andtoc^ Th* 
intense heat can cause fixe snbstate suifiwe to buolde or melt and great skill ii 
required to ensure that only the se jtions/ixjrtions/spotB needing to be welded actual! f 
receive the heat so as to Kainimi«9 the potential fiir heat damage to other parts, iji 
order to detach these rivetedAveld* d parts strong nKaihamoal strengfli is required. 



It is also known in the prior 
attachment of two suf&cea/substr^tes 
or glues have been widely used 
30 adhesive to one or botii surfaces 
sur&ces are bonded/attached 



to use adhesive compositions to eSfeot secuns 
of vehicle componfiota. Adhesive composilion 3 
to seouie windscreems to fiames by applying th» 
of the components and aUgning tihem so that thJ 
■. Typically the adhesive compositians contai I 



1 
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.etacbing 



cuzing agrats iba ord« to promote 
Th9 curing agents g&jx be heat 
con)|iofiiiion so as to cross-link 
$0 accelerate the chemical bonding 

5 coinponent(s) theimo-mechanical 
example, in the instance of d 
fitmly bonded in place a& the 
automotive glass fitt^ to remove 
device comprising a chcoso-wir^ 

10 rubber along the periphery of the 
force to separate stnicturally the 
musculo-skeletal conditions in 
ittjuty. Further problems 
ovaikeat due to jSdction, additionallly 

IS routine in the automotive industry 
peifarmanQe and reduce petrol 
componeats such aa door 
compositioxis is becoming more 



associai ed 



skins 



tsed 



polyureBane 



20 Thmnally expmdable thermoplas|ti< 
for several y^m have been 
printing inks and a$ fiUets m 
descxibefi a substitute to 
Yor filling vehicle box parts and 

25 expandable micro-spheres 

adhesive compositions comprbin 
of the microc^sules creates a 
has been applied which redwe$ 
adhesive material, The reducti 

30 adhedion at the interface of the 



or accelraate the adhesive solidificalion process 
or moisture activated and axe included in ISau^ 
or (polymerise the Uquid adhesive into solid &wx ant 
process. Jsx order to detach the adhesive bOn,de< 
strength can be applied to separate thejji. Fo* 
a windscreen jStOOOi a frame which has beeit 
sealant is hardened, typically involves th<^ 
the windscreen (mually in intact form) using ii 
^r special knives to cut/saw through the hardened 
iYmd$cre©Q. This process requires strong physical 
cohesion strength of adhesive and can lead to 
fitters themselves as a result of repetitive stF&dbi 
with this method are that the cheese-wires caai 
the wires themselves can break. It isbecominjj 
in an effort to xnimmise vehicle weight to improve 
(consumption to use adhesives to bond o&er cdr 
to frames^ accordingly the use of adhesiv^ 
widespread in thi$ ai?ea of technology. 



ic mifliQspheres have been commercially produce 1 
as fillers in polymers, painted puHy, plastisoh ^ 
pppor, papeiboard and eaj^losives. WO 95^4441 
fbams in the fbnn of an adhesive compositio i 
]^viding sound^^proofing which iijoludes 5^15% c f 
alkanes. WO 00/75254 also describes 
thetmo-expandable microspheres, he&t activado ft 
along the interfaces of whette the composxtio i 
structural cohesion and shear or tear stress of tfae 
on in chemical and/or physical bonding of tfae 
two bonded surfaces is due to the effect of tib 



CTic^suJating 



pressure ^ 



tlie 



2 
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expanded microspheres so that 
no cohesive fracture 'vvlien m 



30 



may be described as cigpable of de-bonding witl 
state. 



their sxpanded < 



OiHB of the problems 
of ]if& most of the vehicle 
removed firom the vehicle so 
separate and dedicated processes 
time consmning axid expensive 
plates, frames, U^t units and 
flTictber* 



assogiated Tviih the automotive indystiy is that at the veMcle exu] 
more than 85% have to be detached anc 
they can be safely disposed of or recycled it 
The disp03al of vehicles at the end of life cm be 
interior items, dasKboajtds, panels, door skins, 
such components need to be detached from one 



comp meols 



as 



othf r 



ort 



safe 



A method and ^yparatus to cany 
matter of minutes^ efficient and 
immediate advantage to the pAoT 
IS field whete it is desired to detaofi 
togetfier by means of an adhesive. 

Statement of the Xnve&tion 



a metiiod which would enable rapid, ideally m e 
detachment of such components would offei 
:irt> not only in the automotive industry but in an^ 
two surfoces/subslxates that have been bcmdec 



20 According to a. first aspect of th« 



invention fliere is provided an adhesive aystejon 
comprising curing and/or de-boMiing ^ adhesive composition, the oompositioi] 
being placed between two or mor j surfaces of supports or layers, and 1h© adhesive 
composition comprising an adh<»sive and dispersed therein theimnio-expandablc 
microspheies the system oomprisir g the steps o£ 

activating a method of cming the composition by providing a first level oi 
thermal radiation and/ or thennal conduction and/or thennal energy which passes 
through the adhesive composition i o the oont^its of the Qxpanded micanspheires leacl 
or migrate fbrou^ ftieli: porous she Us; 

de-bonding adhesive inlerf bce^ of the same soi&oct of supports or layers b> 
providing a second level of flxeniwi radiation and/ or thermal conduction and/oii 
thennal eneigy which passes thtoi ^ the adhesive composition so as to exipand ifae 
mioospheres. 
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Tbe mefhod comprises two difitinc ; phases ex stages lyhigh in piaotice are perfbmied 
at two difSsxwst time points and ty pically may be perfomed days, vveeks, months oi 
years apart 



this first j 



The fitet phase or stage is cvring, 
expandable micfospherea di^perse^ 
encapsulates within theif plajstic 
preferably mixed together. The 
sufficient thenmal radiation and/ oi 
electrical energy is suppUed to 
allow thdlr contents to leach ot 
througpti or across the porosity o: 
spedes of thermally expandable 
a certain specified tempesratare 
dpedes of th^ially expandable 
d^Onding. The second species o; 
elevated temperature to those of th^ 
as ablend only in the inter&ee of 



Curing is generated by a first species of themiallj 
in the adhesive bead matrix. This first species 
od copolymer shell a blowing agent and curing agent 
citing agent disperses in the adh^ive matrix when 
tbemmal oonduotion aud/or thermal energy and ot 
species so as to cause themial expansion and 
] oigrate or pass or be transferred or be released 
the expanded sholL The conteiots of tibis firsi 
mlLorDspheres Is teleased into the adhesive matix a1 
winch is necessarily lower than that of ihe second 
miooepheres whibh are employed to effeci 
microsqphetes, i,e. those which are aoUvatod at an 
first species are preferably provided substantlanjr 
a{!be8ive$ to facilitate separation of the sur&ces. 



The present invention resides In 
themial conduction and/or eleotricsll 
method. The thermal oonduotion 
contact with swfece of ttie 
adhesive composites. It will be 
waves may also be employed as a 



subst ate 



Throughout this specification 
requires otherwise, the word " 
"comprising'^ will be understood 
of integers but not the exclusion 



an<l 



ijioviding energy in the form of ladiatiaa and/ ox 
heating to the nierospher&$ of both phases of the 
md electrical heatmg to fbe miotospheres are via 
or by electrical cunent or heat throng the 
d^aciated that microwaves, X rays or supersonic 
t lermal source. 



the claims which follow, unless the context 
c<|mprise", cr variations such as "comprises" or 
unply die inclusion of a stated integer or gro\^ 
of any other mteger ot group of integers. 



4 
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Til the present ^ecification, bonpitig refers to the diecaical process of adheBioifc 
dnriflg the ffuraog process and ioiic^^ ftis chemical boading in the present 
speoifiGation is increajsed by oi^ating sn increased zongh or uneveix mrfiElQe on tho 
area of mt«fkce especially by the pennoesq^andable micarosphfircs of the dcbondini ; 
phase or stage at dieir initial state. 



The debonding microsphefefi aid suspended in the composition, floating on tho 
uppemost surface and with a auiteple size they purposefully create a rough, or imenra l 
increased surface providing hi^edmecihanical and stress strengtii compared with fha : 
10 without microspheres. 

Debonding refers to the brealdnb of the cfeemioal bondbg forces at inter&ces 
Expandon of the micro^heres on me interfece surfece increases tJieir volume so thai 
the microsplietes fill the ratire shrfece space and subatajtrfiallly fill or occupy Ihc 
15 whole interface sur&ce, HhU^ alloTvp for the breaking of bonding forces. 



In the present speoificadon^ the 
distinct from the bonding and 
purpose of the curing process is 
the adhesive composition and ch^ 
volume of the adhesive bead 
rattLer it affecia main the chemical \ 



process refers to a process separate anc 
goading procera h^reinbefi^re described. Th^ 
fly to impatt mechanical stractuial strength tc 
ical bcmding at inteor^cea it does not effect the 
^ it effbcts Ihe mecfaanical behaviour of ttie beac 
[atioteE&ce. 



Pre&iably, inaide ttio enc^sulaliAg diell of the finst species of microspheres, the 
cming activator may be mixed witti blowing liquid which when activated by thermai 
energy passes through the porous bhell of the «pandBd microsphQires svpported hi 
the expanding gas. 

Preferably^ the ex:panding agent is selected from the gitro^ con^riong an expandable 
gas, a volatile ageat, a sublimationpgent, water or an explosive ag«it. 



S 
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Preferably^ the ^dhdsive i$ polyure 
epoxy resin or any olher suitable 



hmo or polyvinylclUoride ot an MS jpolytner or at t 
afilie$jivd in whioh miccofipheres maybe dispersed 



Preferably the microspheres encap 
5 microspheres are activated at a 



Bulating the curing agent or the first species o 
teirberature difiference of between 10 to 80 C. 



Prsfefabiy, the debonding or sec 
temperature range of about 50 to 



ond Gpecies of inicraspheres ajtts activated in ^ 
C. 



2)0 



It will be appreciated that a sufBcient temp^ature dififei^noe is required so that thu! 
Iwo processes may be achieved wi Chcnit overlap and tihUB distinct tempetatuie ranges 
are prefeired. It will also be appreciated that the composition may also conxpriss 

anc^sulating maxe tibat one dtCTetesat oi 
combinations of agent and that eadh set or species of zzucrospheres may difGbrendailj 
be expanded when exposed to suil able temperatures so ttiat the conaposition may gc 
through a $et of defined processes sfficording to the sfsplied tCTipaature vvinch can be 
specified. Acoordixxgly the metho 1 of the present inventien 1$ equally applicable tc 
stickmg and un-stie]dng» for &KWi ple» wall p^er which will requjx^ a low thenna: 
activation or to bonding and de-b >ndmg vehicle parts which wlU require relatrvelj 



20 higher themal activation. 



Preferably, the ratio of the prj)poitii 
encapsuladng the curing to those 
$$en(t will be variable and it will 
accoErdi^Ag to a user's requirements 



ion of the £trst species of n»icrosphere£ 
(if the second ^ecies encapsulating the debonding 
appteciated that the proportion may be selected 
3r for die partioxdar application. 



te 



Preferably, the first and/or seconld 
suitable black or dark material to 
penetration. In one example whfcn 
vehicle glazing, the frit can be o<^ated 
penetration of UV light and to redufce 



species of microsphet^s may be coated in 
increase optical density and thus pt&vmt UV light 
the method and composition is for ttse with 
in the daik material so a to flirther reduce 
3e degradation thereby. 
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Preferably, ths fiiomel xadidtioia 
provided to the taictospheres is 
eJtectxomagoetic *wav&a such, as n i 
fiom electrical means such as a bajtery 
gas or air or fiom white light 



ot thcsmal condudiou or electrical ecerg]^ 
provided from a medxis oomprismg a sowce o 
Of UV radiatloii, or Som a convection ov^ o: : 
or a laser or fix>m an uUrasonic source or fioa . 



changing the IR electromagnetic 
300O-7000 nm and thermal 



As will be appreciated IR is an e eotromagnetic wave which only hecomes flwmal 
when it is absorhed by a body wil h certain properties onto which the IR is directed . 
Thus a system employing IR only becomes a ^'thermal" system, when Ihe IR beam i\\ 
10 absorbed by ttie body. Accor<to gly IR radiadon becomes a healing source b]^ 



waves of 800-2<500 nm 15> to thermal radiation 
conduction. In fhc present invention <h«5 
thermoexpandable microspheres a e principally heated by DR. and/or themial radiatioi l 
and not thermal conducticn firom t le panel. 



In the instance of using IR radiation spectrum as the energy source, it will bn 
iSrovided in fhe fiwm of one or m< re lamps or in the form of optical fibres or optical 
rods or plates, IR radiation will ie transformed to fliiennal radiation of ttie internal 
surftce^ of for eicample a panel, cn the heating side which strongly dqiends on th^i 

20 temp^stuie achieved by the pam 1 exposed sur&ce. The power Ifa^mal radialioiL 
depends on the T &k.p 4 of the eoiJ ice panels which is not within die low range of D . 
^ radiation aa the lamp, but with fh«mialIR radiation of abo^ Itwil 
be appreciated Chat heating by coi idiiction dqpenda on many parameters such as thu 
thennal conductivity of the mated d of the surfaces ot panels, the cieaxunvprimfir 

25 the composition of adhesives layei 



In the instance of using an 
nxicxospheres, the electrical 
through a panel which becomes 
30 alimiimum or steel wires/filamejits/strands 
adhesive composition especially 



eleotJioal heodng as the heading souKce expand thi^ 
heati IS can be generated by electrical cuixent paasinj; 
I peslstOTr Jml one embodiment of the invention , 
or micro-wires are embedded in thii 
the adhesive inter&ce so as to create a Farada? ^ 



7 



I.APR. 2003 1 1:53 



HARRISON GODDARD POO 



NO. 792 P. 13 



10 



15 



20 



25 



p\0l6SS^.u filed 



cage. Tii^ ixucto-wires are 
airdxLg^mt of elBctn<^ 
electrical lings to be foTmed i 
microspheres which od4:xbe 
5 phenomenon is rpfeaed b i as tuimt] 



30 



b etween 2 



Preferably, the mioro-^ 
100 jjun in length and 
effect tunnelling the composition 
tibi© micro-wires and mor^ 
the volume % 

btidgins one "wSol axitotl^ and 
requirements. 



in the adhesive to create a tao^e or polygona. 
, This tangle allows a gteat number of sm^l l 
&ree dimensions all aroimd the ei}{;pandabl(s 
e^q^and at a certain maximnm texi)tP3fatin^ 
filing for dectrical oorrcnt 



or fibrls are mixed -with the adhesive and may be around 
•20 pjn in diameter. We believe that in order to 
should ideally comprise about 0-5-10% volraie o 
prefera] >ly about 1-3% vclxraie. It will be appreciated ths t 
of microspheres wi hin the composition affects the number of contacts 
[hat this may be selected according to a user' 



U]iG;mioex| ^andable microspheres 



Preferably, the 

onto ati^e or mesh or fltm or 
alt$]cnatLve1y tbey may be attached 
which it is desired to cur & and/or 
provided on the uitenia, volume 
species of microspheres of the 



Preferably, the adhesive 
may be provided in a 
%itelds provided sn1 
sur&ces of the items 
invention they may be 
lubicated at mterfaces. 



Preferably, the deptiti 
composition may be um: 
paxiiel zeqoizing a strong€|r bond ix 



may be provided embedded or coate i 
maybe provided attached to a wire or filament or fibr s 
to a contact surface of One or both con^oneit 
separate. The fibfst species of miciospiheres maybe 
of adhesive matedals in addition to the seconp 
de-lbondtng system at the inter&ne. 



intone conqprising the mierospheies of the second systei a 
f redelSnetL path or channel or groove or line or concentri 
ibstartially around the periphery of one or both of the coxxtaut 
wliich it is desired to de-bond. In another embodimeat of tqe 
>iovided] as a plurality of discrete spots or strips suitabl 



axid 



bxealth or thiclmess and wideness of the adhesii 
oim ox t[iay vary as required in areas of for example a door 
a specific area. 
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It ivill be SLppredated that pTOvidoji of the 

St differing ^ckness 
of adhesive materials. 



10 



15 



20 



25 
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and widlth advantageouflly tequires leas usage and wastage ^ 



According to a s wond asj »ect of fla s invention &ere is provided a method of attadnfl^ 
or bonding two or mote s irfecea t< ^gather comprising; 

Q api lying aa adhesive composition as hereinbeifore described ^ » 

ono or mon contact surfaces of each or all items whicb are t^ 

be t>onded t jgettier, ^d 

suiplyiiig sufficient themial radiation and/ or thextual 
ooiidttCtion to the composition via contact with One or mora 
• coi itect Wd acea of each item which is to be bonded together si > 
as x> cause ; i proportion of the tfaermoeKpandable microsph^e 3 
to expand a ad aptionaUy to flirther release a curing agent int> 
fh^ coix^os tion. 



d i&rs 



The preseat invexxtilon 
compdiSnag Hkermo-^qparidable 
rather they receive energy 
thermal conduction 



I fiom the 



ficm the prior art in that the adhesive compositio i 
m crospheres of the first syst«a. is not directly heatc 1 
in ibe Ibrm of fliOTnal radiadon ftom an IR source and/<jr 
surfe !?e of the item which is to be bwiflsd. 



Accordingly the present 
pkkBtic^lastic, plastic-njetal, 
aluminium^plastic and t le like 
directly targeted by for e: uunple 
but rather the coiEposltic u is 
of fee contact surfice or 



m<!tal< 



ihventiofijprovidea a unique approach to prior art meihoda c f 
-metal^ coramio-metal, ahrniimum-alumimu^ 
imr&ce attadbments since the conD^osltlon is tKt 
IR beam tKansparent to one of the sandwich paru i 
by thermal radiation and/or thennal conducdoa 
suT&oe* 



Pieferably, the method 
30 described. 



ts under 



includee 



ai 



any one or more of the features hereinbeftwe 
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According to a fiiithfiT aspect o 
detaching two sur&ces that Im 
sufiScient thennal radiation 
thereon or attached thereto the 
^ergy being supplied to one or 
detached/separated so as to cause £, 
to release an expanding agent into 



F the hivOTKon th$rt> is pto^dod a mefitod o 
e be^ra bonded togeiher coxnpxteiiAg, 6npplyt«|: 
thexmal conduction to a sur&ce ha^^ng coatee 
cc mposition as hereinbefore described, the th^ma 
contact surfaces of each item which aie to bes 
proportion of the theimoexpandable microspherei i 
[he compodtion. 



b9th< 



Preferably, Che method includes 
10 described. 



It will be apparent that in the piese at 
that the method of the present hivMion 
permit and fiicilitate a Owing system 
IS uniform distribution at ceartain 
process and advantageously 
&ermoe?;pandable microspheres 



i lert 



activators which are neutral or 
20 increase their volume m such a ws(y to 
activator, in gas or liquid state* do 
matrix transport by Uie ga$ of blovfmg 



Activation of dif&rent activators 
25 activation for the thermoexpandal 
curing of the adhesive compos]tioi[i 
and moreover at ^plied and 
controllable 



aoy one or more of the features hereinbe&»r<i 



invention, chemioal interactions are avoided an( 
leHes on physical eogjb&eering technology ft ► 
•which need$ to mix the curing activator by n 
at coi^tnand bx the adhesive bondibug stago 
may also dififerentiate zones where tho 
can be suitably mixed. In principle this 
act as microscopic containexs of the curini; 
iq> to a obtain moment vAxeaa. they break or 
initiate their shell as a porous wall to leach thi ^ 
that it can difSjise uniformly in to the adhesiv(» 



is possible by the differentiation of tempetaturi) 
le mi<a:osphereg, m this way it is possible to eifect 
at different stages in the process at diffesnent area; 
ific commands r»n^f^ r■g the overall process mor ) 
and with multifuncttobal p^foxmances. 



spe 
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advantageoi slyprovid^ 



Tto present invention 
that it is not dependent on a chemical 
cry$talU$aticQni, gelificadon or any 



S According to a yet finctiber aspect 



is directed ox housed only 
thennoexpandable mic^ospWes 



a ouring process that is controllable h 
reaction such a$ pol^crisalion» Gtofifi-Iix&king 
ddier jfltase transitions. 



: \ the inveotiion there is provided an 2q;»pa£atiis foi^ 
attachmg or detaoliing two surfice i that have been bondBd together oomprismg an IF 
emitting device comprising at lesst one bulb, at least one lens to concentrate flic 
beaxn at certain area and at least o le reflecting mirror mutimlly arranged so thathea 

an adhesive intacf&ce ot a path where ibi 
^ pinposely present. 



in one embodiment of ttie inventiAn fee IR etttitting device is in the form of Mie 
more lamps and ^ically is in the jpizn of a group or plnraKty of lamps. 



15 Preferably, the BR. device emits nj. radiation in the range of abont 800-1400 Wx 
2000-6000 nm. 

Pxef^ably, the device is automated and may be linked to a compttfer programme 
providing ii^fomiiatLon to device SCTSors of an adhesive boAding path. 

20 

Preferably, the device is motmtea on a mobile unit so that it is free to fi>now 
predefined adhesive boncU^g path. 

The arrangement of the device o:fl the present invention allows the IR beam to 
25 concentrated only at certaan partial [points of the sur&ce which it is desired to bond o^ 
de-bondL 

Freferably« lenses with parallel shme of the adhesive-thatmoexpandable micros 
bonded paths can be used standard IR bmps where the beam can be 
30 concentrated in a special area. Jsk jfais healing concept the IR optical fibre or i 

tubes, even with the laser sourcej can be used as a flexible or rigid heating tool 
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20 



25 



producing strong and repld powe|r 
spwlal designed drawings 



iof adiieidve 



by rapidly moving along the bonded area widt 
I parts. 



Frefer^ly, tbe device may be pre^ mgratnmed to foUow a specific bonding path. 

5 

The invention will now be descnlf^d by way of exaznple only with refeience to Htku 
following Figures wherein: 

Figure lA shows an election, raiQxjoscope picture of an upper surface of an interface; 
10 to be bonded; 

Figure IB shows an electron mij^roscope picture of a tan^e of micio-^wires anc 
themioexpdndable znicrospheres; 

15 Figure IC shows a higher power vi ew of Figute 1 B and a micro-wires: 

Figure 1 D shows an alt^tnadve vii iw of Figure 1 C and a sxdcro-wire; 



With refeiCTce to Figure lA thefji 
Bur&ce of an inteij&ce coated witl i 
the present invention. MLcrospber^s 
providing an uneveio ox lon.^ 
30 However these gaps or voids are 
that the sur&ce will become more 



Figure 2 shows a schematic plan vi ew of amicrocapsule and film arrangement; and 

Figure 3 shows a fiont pex^ecti\[e view of a vehicle door frame and skin with £ 
conductive pathway in situ. 

Detailed Deseirtpfion of tbe Invedtlon 



is shown an electron mionoscppe piotim of the 
fhe composition and itdoospheres accoiding to 
1 can be seen projecting above the surface thus 
There are gaps between the microschercs, 
once the microspheres have hem expanded so 
and thus be able to be debonded* In Figure 1 



su'&ce< 
filed 
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15 



20 



25 



B there is duswn an electron micK scope putnre of a tangls of micDO~\vires ai^ inter 
diBpersed microspheres aw also visible. Aa described eariier alummiinn or stee 
wiqtes/fila»e«ls/9trafld8 or micfo-' wires are embedded in the adhesive cotnpodtiMi 
especially at liie adhesive interfile j so as to create a Faraday cage. The uoicro-ivire i 
are dispersed in the adheave to weate a tan#e of electncalcwiidii^ ThistanglJi 
allovrt a great muoaber of small silactdcal iringB to be formed in three dimensionB al 
around the caicrospherra which ca i be caused to expand a* a maximum ten^crature , 
Figures IC and ID are eleolron microscope figures at higher powws o 
inagdfic^on. 



In on6 embodiment of the inveoti sn, the nicrospheres (1) and micro-wes (2) caii 
be att^hed to a continuous conductive filamrait or fihn or wire or fibre (4). Energ' 
i$ s«ite>Ued to the eondwstivie filiment (2) from an energy souree (3), the enargr 
source may be provided in the form of thermal eneat^ or electrical power and 
transmitted to the microcapsules by thermal radiation and/or thermal condncti05. 
Thus "the microcapsule do not reieive energy directly fitom the energy source but 
itafhec via tbye panel or corctponHot surface which is to be bonded, for example th(» 
nicio^heres may be heated by t uamal radiation and/or tibmnal conduction of thi } 
panel, direct^ targeted by an IR r« diation lamp focused on the open/exposed surfac^ , 
lii a yet flitther eiuibodiment of Che toventton njiawoapBules (1 ) may be coated on to i i 
mesh or bundle of conductive fill ments/wires/firM or coated on to a tape or woven 
matctjaL The mictosphaes (1) xiay be provided in a prearranged fiarm or may bit 
spi^tfA or painted on shottfy bef wb use. Once sufficient Ihermal radiation and/o : 
condt^ction is vnparted to the nioro^eres they may be activated at a sclccteil 
tempsratme so as to release thriy- contents which may be a curing ageot so as t«i 
acceWte and/or effect attaehmea: L AUematlv^y, the microoapsules of the seeoni L 
systedb in the instance of two suxf wjes having already been attached togefiier may bi > 
made to release thrar contents a: a dUEEexent selected temperature and release aii 
expardding agent sudh as a gas, as agent cs^able of sublimafticm, water, an explosivi > 
30 agentoranactivaiDrc^eDl The nssnllimteKpanBlon causing a do-bonding of the tw<i 
sttaeh]ed surfiaces. 
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nay I 



10 



15 



In fhe instance of attacMug ei vdl»{^]|d 
microsph^es may be fiiovided in 
which it is desiix^ to attach. Patiti 
whic:^h the adhesive composition 
provided already attached in the 
appropriately positioned on erthe 
jGrdme (A) and/or skin (B) is 
means (6) and (7) respectively which 
energy source is activated and iSb ^ 
and^ot conduction for example 
expand and release their contents 
cause de^bonding at a dijKerent 
^dh^on cf two surfaces and 
chemical or physical processes 
advantageously the system is 
composition will be selected 



door sldn (B) to a fiame (A) as in Fignxe 3, Oiit 
3re-dej5ned palihs along Ihe pCTcneter of the » 
(5) maybe in the form of aohatmol or groove mUi 
bo poured/$pra.ycd ot the nuerospheres may bi } 
fotm of a mesh or tape or strip which can bJ 
or both of the skin (B) or frame (A). The doo 
pri}>vided wititi a plurality cf conductive attachmen 
can be connected to an energy source. Once th' 3 
microsphere$ xeceive sufiEicient themial radiatiou 
m IR lamp of fhe present inve^a1io^, they may 
to eSTect altacbment at a selected temperature or t > 
temperature. In this way and convenientl} 
of same may be achieved without recourse t > 
the same syst^ aaod apparanis. Moreov^ an l 
cobtEoUable $ince ijie tnicro^hares in the adhesive 
to tlie user's requir^enta. 



fir )m 



selected 



sepa :ation i 



using ' 



. acco: ding 1 



It will be appreciated that fhe 
of technology where it is 
20 example and without limitations 
and/or composites theieo^ and 
intended to limit the scope of the fajpUcatjion. 



invention has wide ^plication to may different fieU s 
reqiiiPKi to attach and detacb two sur&ces tos^^ &^ 
iiur&ces such as plastics, metal, ceiamic, Sbre$la£s 
the exan^les in tho pxeae^t specdfication are m t 



that 
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1. An adhesive system comprising cuting mii/or de^^onding aa adhesivo 
con^)ositiQa» the composition being placed betwecsa two txt more snr&ces of support ; 

5 or lay^, and the adhesive composition compiisiiig an adhesive aikd dl^ersed thereii i 
fhermo-expatidable microspheres the system compiisiog the steps of: 

activating a method of curing the cgmposition by providixiig a first level o:!" 
themial radiatioti and/ or (hernial conduction and/or theimal energy wbich passeii 
through the adhesive composition so the contents of the expanded noicrospheres lea&l i 
10 or migrate through their porous shells; 

de-bondhig adhesive inteij&ces of the same surf^es of siqpports or layers by 
providing a second level of thranal radiation and/ or tbegnoaal conduction aiud/or 
themial energy which p^ses tibrough the adhesive composition so as to ^and Xkv 
microspheres. 

15 

2. A system according to claim 1 wheidn ihe voiciospheres oompnse s. 
copolymeric shell which encapsulates the curing agent or expanditug ag^t 

3. A system according to dither claim 1 or 2 wherdn the escpanding agent h 
20 selected from the group comprising an oKpandable gas» a volatile agent, a sublimetKoi: 

agents wats: or an explosive agent 

4. A $y$tem according to any preceding claim wherefai ifae microspheres 
encapsulating the curing ag^t have a smaller cross secticmal diameter than thos« 

25 encapsulating the expanding agent. 

5. A system accordiog to any preceding claim fixrfh^ Conqxcismg a eixrinf 
activator. 

30 6. A system according to any preceding claim whscein Che adhesive ic 
polyurediane or polyvinylchloride oc m MS polymer or an ^oxy resin. 

15 
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7, A system according to any preceding olaim whiGfain fhd ^Qxospheres bi^ 
activated in a temperature XOTge of about 80 to 200 C for the debonding phase or 
stage. 

5 8. A systM according to any preceding claim -wherein the proponicn o:' 
microspheres encapsulating the cuxing agent are activated at a tecmperature dif&rsncf 
of between 10 to 80 C 

9. A system according to any preceding claim wherein the ratio of the proportiot 
10 of ttie microspheres encapsulating the curing to those eacapeulating Ihe esqpandinf 

agent is in the region Of 1:1 up to 1:100. 

10. A system according to any pteceding claim wherein the liiennal radiation and^ 
or thermal conduction provided to the mictosphOTCS is provided by a means 

15 comprisiDtg a source of IR or UV electrojoiagQetic radiation, ot ^m a oonvectiot 
ovQi or from electrical means, a battery or a laser or fihom an ultrasonic sowce 03 
fiom GT firom white light or microwaves or X-ray or some waves. 

11. A system aocowHag to claim 1 0 wherein in the instance of usuig IR radiatioii 
20 it is provided ajs a wavelength of about 800-1400 nm to 2000-6000 mstt 

12. A system according to any preceding claim vdiereui the thecmoescpandabk 
microspheres are provided embedded in or coated on to a or mesh or fih^ oi 
attached to a wire or filament or fibre. 

25 

13. A system according to any preceding claim wherein the nucrospheies an 
dispersed in an arranganjent of n^icic-wxres so as to fbrm a polygonal snang^eaL 

14. A syi^tem according to claim 13 wherein the micro-wires are about 100-200(j 
30 in length. 
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15. A system accordixsg to eztber clmm 12 or 13 whiereui tte ooicro-iTvires an^ 
about 2-20111 in diameter. 

16. A system accordixig to any one of claims 12 to 14 wh»^ the compodtior 
5 comprises about 1-10^4 volume of miero-wires. 

17. A system according to any preceding claim wherein fhe ai«ma.oexpflndabU 
microspheres are altached to a contact sur&ce of one or more of the components 
which it is desired to attach and/or separate or on an miem^l surface of the 

1 0 components or at an interface of said compon^aita. 

18. A system according to any preceding claim -wheteiu the adhesive compositioi 
comprising the microspheres is provided in a continuous or discontinuous predefinsc 
or in spots in path or channel, or gtoovc or line or concentric circles providcc 

1 5 substantially around the periphery of one or both of the contact surfaces of the itezxu 
which it is desired to attach or detach. 

19. A system according to any preceding claim wherein tide dqpfh and breadth oi 
thickness and wideness of the adheave composition may be mrifonn or may vary a$ 

20 required in areas of the sur&ce(0 which need to be attached or detached. 

20. A method of attaching or bonding two or more sux&ces together oomprLsing: 

(i) applying an adhesive composition acooiding to claim 1 to one 
or more of the contact siir&ces of each or all items vduch is to be bonded 

25 together; and 

(ii) supplyis^ sufiBcieot thetmal radiation and/ or themial 
conduction to the composition via contact with one or more of the contact 
Surfaces of each or all items which is to be bonded togeCher so ag to cause a 
proportion of tbe thermoexpandable microspheres to esxpsaid and cptionally to 

30 fhrfiier release a curing agent into the cc«ixposition during the bandis^ 

process. 
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21. A meSiod according to clam 20 fortiier including my ome or more of thi» 
features recited in claimB 2 to 19. 

22. A m^hod of detaching or debonding two or more sur&ces that have bcem 
5 bonded toge^er comprising, stqiplyxng sofSciaxC thennal iradlatilon and/ or tlierma 

conduction to a eurface having coated thereon or attached thereto the coinpo$iitio)(i 
according to claim Ip the thennal eneigy bdng siqpplied to one or morB of the contac t 
sur£u^e$ of each item which are to he detached/separated so as to cause th<; 
theimoexpandable micros^h^gced to increase the volume. 

10 

23, A method according to claim 22 further iacltquding any one or more of th(s 
featutes recited in claims 2 to 19. 

24, An ^paratua for attaching or detaching tvo or more suifaoes that have bcejfi 
15 bonded together comprising an IR emittiag device comprising at least one bulbj^ a: 

least one lens and at least one refl^^ting mirror m.utually ananged so that heat hi 
directed or focused only at an adhesive inteir&ce or a path where th^ 
themioaxpandable microsphetes are puiposely present. 

20 25. An apparatus according to claim 24 capable of CTaitting IR radiatioti in th^» 
range of about 800-1 400 nm to 2000-6000 nm« 

26. Atx apparatus according to eitheor claim 24 at 25 that is automated anc. 
operably linked to a computer programme providmg in&miatLon to device sensors o: ^ 

23 an adhesive bonding path. 

27. An ^paratus according to any one of claims 24 to 26 mounted on a mobih 
unit so that it is jfree to follow a predefined adhesive bonding path. 
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28» Aa ^paratus aocovding to any one of claims 24 to 27 capable o 
ooflceatrating an BR. bean» at certain partial points of the suz&ce wbicdi it is ctesired ti i 
bond or de4x)nd in differrat st^ps c onnnanrt , 

5 29s .AncqpparatusaccOTdii^gtoanyoneofclai^ 

to follow a specific bonding path in direction, wxddi and breadth. 
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